Introduction
Essential hypertension is one of the most prevalent diseases of developed Western countries as well as developing countries and is an important risk factor for cardiovascular morbidity and mortality (1) . Human essential hypertension is a complex condition and shares many features common to animal hypertension (2) . Many etiological factors are responsible for human and animal hypertension, such as excessive salt intake, fatty meals, obesity, hyperactivity of the renin-angiotensin aldosterone system (RAAS), and genetic factors (2) . It is universally known that the RAAS is a hormone system that regulates hypertension and fluid balance. The present study examines this focusing on carefully selected groups and subgroups of nonhunting and hunting dogs of various breeds in the city of Tuzla (Bosnia and Herzegovina). Many studies from different parts of the world have estimated the incidence of obesity in dog populations to be between 22% and 40% as a consequence of excessive nutrition or inadequate energy utilization due to limited physical activity (3) . Much evidence from animal and genetic studies suggests that salt intake also plays an important role in regulating blood pressure (4) . Sodium chloride infusion in normal dogs caused very little change in blood pressure, although it is known that the anionic component of sodium chloride induces significant increase in systolic and diastolic blood pressures (5, 6) . However, in dogs infused with low doses of angiotensin II, the same sodium chloride infusion caused a large increase in blood pressure (5, 7) . It is obvious that RAAS suppression has an important role in preventing large increases in blood pressure when salt intake is increased above usual levels (4). Many studies have also suggested that essential hypertension must be related to the RAAS and to an undefined renal dysfunction (8) . Furthermore, hypertension can be caused in a normotensive animal by transplantation of a kidney from a hypertensive donor (8) . However, some studies have shown that angiotensin II can stimulate oxidative stress, which can activate some vasopressor mechanisms that can cause the vasoconstrictor effect of angiotensin II (1, 9) . The aim of this study was to compare the role of the RAAS in the genesis of hypertension between nonhunting dogs of various breeds and hunting dogs of various breeds from two age categories, from 1 to 3 years old and from 9 to 12 years old, in Tuzla Canton, Bosnia and Herzegovina.
Materials and methods
In this study, a total of 60 dogs of various breeds were classified into two groups. Nonhunting dogs as group A were divided by age in two subgroups: A1-dogs aged from 1 to 3 years; A2-dogs aged from 9 to 12 years. Hunting dogs represented the second group, B, which was also divided by age into 2 subgroups: B1-dogs aged from 1 to 3 years; B2-dogs aged from 9 to 12 years. All subgroups contained 15 dogs. Division of dogs into two groups, A (nonhunting dogs) and B (hunting dogs), was done because some breeds of hunting dogs have approximately 10 mmHg higher blood pressure than other breeds (10) . In accordance with scientific methodology, the groups of dogs were examined and processed following the principles and schemes of clinical examination: description of the animal, breed, sex, age, color, body marks, name, identification chip or mark, disease history, and the animal's condition at initial presentation (general condition, habitus, body temperature, pulse, breathing, visible mucosa, and lymph nodes). Blood pressure (BP) measurement in dogs was carried out using an oscillometric method without anesthesia with the MEC-1200 Vet device. Before the attempt of measuring BP, dogs were kept for 10 min with their owners in the measurement room. Dogs were carefully restrained and placed in the lateral position. The cuff was placed on the front part of the foot near the carpus (radial artery), and the width of the cuff was from 0.3 to 0.4 the volume of the leg. During the BP measurement dogs were calm and motionless. The first measurement was discarded, the following 3 measurements were recorded, and the obtained average value represented the measured BP. The same technician performed the measurements for all 60 examined dogs.
For examining the rennin and aldosterone levels, blood samples were taken from all dogs following the guidelines for particular diagnostic procedures according to established standards. Blood was taken by venipuncture (v. brachiocephalica antebrachii, v. saphaena) at the Tuzla Veterinary Station. Careful standardization of preparing the dog and the conditions of taking blood samples were based on strictly established principles. Blood was collected in previously cooled tubes with EDTA as the anticoagulant. Blood samples were kept cool and centrifuged at about 2000 × g (1118 × 10 -8 ) in order to renew the plasma. Blood samples were kept deep-frozen at -20 °C or below from the beginning of the processing. Prior to the procedure, the blood samples were thoroughly mixed, keeping in mind that the temperature should not exceed 4 °C. It was necessary to avoid cycles of repeated freezing-defreezing of the blood samples. Further procedure followed standard measurement protocols. Classification of BP in mmHg for dogs was determined according to the criteria of the World Veterinary Association (WVA). Thus, the following groups were distinguished: dogs with normal BP, with systolic BP of 118-149 mmHg and diastolic BP of 66-88 mmHg; dogs with mild hypertension (systolic BP 150 and diastolic 95); dogs with moderate hypertension (systolic BP 160 and diastolic BP 100); and dogs with severe hypertension (systolic BP 180 and diastolic BP 120). After obtaining the data of the values of BP, pulse, and age of the examined dogs, measurement of the concentrations of hormones renin and aldosterone were carried out. Analysis of correlations between the measured variables of systolic and diastolic BP, heartbeat rate, and renin and aldosterone concentrations in all four subgroups of nonhunting and hunting dogs was performed by Student's t-test.
Results
In subgroup A1 (nonhunting dogs aged from 1 to 3 years), mild hypertension was recorded in one dog (Table  1 ). In 93% of the dogs in this subgroup (14 dogs), there was no hypertension recorded. The BP for subgroup A1 showed values for systolic pressure in the range of 116-152 mmHg ( Table 1 ). The lowest value of systolic pressure was observed in a dog aged 12 months, while a higher value of systolic pressure was observed in a dog aged 24 months ( Table 1) . The values of diastolic pressure in this category of nonhunting dogs were in the range of 71-94 mmHg, while the pulse rate was from 79 to 115 heartbeats per minute (Table 1) . Increased values of renin were noted only in a dog with mild hypertension (Table 1) . Low values of the concentration of renin were accompanied by low arterial BP (Table 1 ). The concentration of aldosterone was between 0.000 nmol/L and 0.041 nmol/L. In subgroup A2 (nonhunting dogs aged from 9 to 12 years), there were five cases of mild hypertension recorded (Table 1) . These cases of mild hypertension were related to the age of the dogs in this subgroup, accompanied by normal or slightly increased pulse rate from 94 to 107 heartbeats per minute (Table 1) . Only one case of moderate hypertension, which bordered on severe hypertension, was recorded in this subgroup ( Table 1 ). The dog had the highest arterial BP, which was on the boundary between moderate and severe hypertension. This dog's renin concentration was also the highest (0.388 nmol/L) ( Table 1) . Borderline values of renin concentration were also measured in five dogs (Table  1) . In all five dogs with borderline values of renin, mild hypertension was recorded (Table 1) . Increased aldosterone concentration from 1.003 nmol/L was measured only in one dog with mild hypertension (Table 1) . In subgroup A2, there were 33% cases of mild hypertension and 7% of moderate hypertension, and in 60% of dogs, hypertension was not recorded (Table 1) . In subgroup B1 (hunting dogs aged from 1 to 3 years), mild hypertension was recorded in two dogs ( Table 2 ). The ratio between the renin concentration level and BP for subgroup B1 indicates that dog with severe hypertension had the highest measured values of renin (Table 2 ). In eight dogs higher aldosterone values were recorded (Table 2) . In subgroup B1, moderate and mild hypertension were recorded in 13% of the cases, while severe hypertension was recorded in 7% of the cases. In 67% of the cases there was no hypertension recorded. In hunting dogs from subgroup B2 (dogs aged from 9 to 12 years), hypertension was recorded in 9 dogs (Table 2 ). Mild hypertension is a typical feature of this subgroup, considering its age structure, and it was recorded 6 times ( Table 2 ). Moderate hypertension was recorded in two dogs, while severe hypertension was seen in only one dog accompanied by slight increase in pulse rate ( Table 2 ). An increased level of renin concentration of 0.313 nmol/L was recorded in a dog whose arterial pressure was 182/98 mmHg, which matches severe hypertension ( Table 2 ). This was the oldest dog in this subgroup, aged 120 months (Table 2 ). In most dogs in this subgroup, the values of aldosterone concentration corresponded to the normal level, except two dogs with 0.148 and 1.650 nmol/L (Table 2) . In subgroup B2, there were 40% cases of mild hypertension, 13% cases of moderate hypertension, and 7% cases of severe hypertension. In 40% of the examined dogs, there was no type of hypertension recorded (Table  2 ). In subgroups A1 and B1, there was high correlation between systolic and diastolic pressure (P < 0.0001), and a certain degree of correlation between systolic pressure and renin (P = 0.037) and pulse rate and renin (P = 0.024).
Other observed parameters did not exhibit significant correlation. In subgroups A2 and B2, there were high correlations between the following variables: systolic and diastolic pressure (P = 0.006), and diastolic pressure and pulse rate (P = 0.002). There was, to a certain degree, correlation between systolic pressure and pulse rate (P = 0.041), systolic pressure and aldosterone (P = 0.035), and pulse rate and renin (P = 0.038). Other observed parameters did not exhibit significant correlation. In subgroup A1, there was a certain degree of correlation between age and pulse rate (P = 0.041) and pulse rate and renin (P = 0.045). Other observed parameters did not exhibit significant correlation. In subgroup A2, there was a high correlation between systolic pressure and renin (P < 0.0001) and a certain degree of correlation between diastolic pressure and renin (P = 0.018). Other observed parameters did not exhibit significant correlation. The overall results presented in this study clearly indicate the difference in the values of renin and aldosterone levels in both groups of dogs, nonhunting and hunting.
Discussion
In dogs, limited data exist about naturally occurring hypertension, probably because of inadequate equipment for measurements of BP in veterinary clinics (11) . Few cases of primary hypertension have been reported (11) . The major source of information is from studies using the dog as an experimental model (11) . The animal models of hypertension share many features common to human hypertension and because of that some studies on experimental hypertension were carried out in dogs (2) . (12) . Furthermore, males have 10 mmHg higher BP than females, and hunting dogs have slightly higher BPs than other breeds of nonhunting dogs (10) . In this subgroup (B1) of hunting dogs hypertension was seen in 33%. All dogs with high BP also had elevated concentrations of renin. In the subgroup (B2) of hunting dogs aged from 9 to 12 years, hypertension was seen in 60%. The dog with the greatest BP of 182/98 mmHg had the highest concentration of renin of 0.3113 nmol/L, whereas in the nonhunting group of dogs aged from 9 to 12 years hypertension was seen in 40%, which was related to the age of the dogs. Similar results were also reported by Watkins et al. (13) . The reason for this high BP probably lies in a disorder of the RAAS or kidney disease. Hypertension in dogs occurs in a high percentage of cases as a consequence of kidney disease (14) . Renal hypertension is mostly caused by renal artery constriction, which activates the peripheral RAAS and the sympathetic nervous system (15) . In this study in the Tuzla municipality, mostly a high renin level was recorded in dogs with mild, moderate, or severe hypertension. Similar results were obtained in studies in the United States (16) . Renin is secreted from the kidneys when sympathetic activity is increased (2) . Renin also converts angiotensinogen to angiotensin II, which is a potent vasoconstrictor and increases the BP (2). In our study hypertension was established in 21 dogs. The results of our study are very similar to the results reported by Syme et al. (17) , who confirmed that excessive activity of the RAAS affects the occurrence of hypertension. However, in some dogs with mild hypertension, a slight increase in heart rate was recorded, which could be related to reduced vasodilatory control, because the value of the heart rate does not follow the elevated BP. The occurrence of hypertension in dogs is affected by many factors such as obesity, chronic renal dysfunction, diabetes mellitus, and cardiovascular disease (14, 18, 19) . However, in order to be absolutely sure and to exclude these diseases, information should be available about weight, glucose, blood urine nitrogen or creatinine levels, and ECG results, as well as scanning of the renal artery, which would significantly increase the scope of this study. In addition to life expectancy, BP itself varies with breed. This variation is thought to have a genetic basis, because both racing and show greyhounds have high BP, suggesting that these do not result from feeding or exercise levels (20) . Some studies showed that exercise may have a large impact on the value of BP. When examined within breeds, one group demonstrated that dogs that exercised heavily had lower resting BPs than those that did not (20) . In lean dogs, left atrial pressure decreased as a response to exercise, while in obese dogs it increased dramatically (21) . A number of studies based their position on the assumption that in dogs, just like in humans, age increases hypertension prevalence. However, it was proven that in dogs age alone is not the only exclusive hypertension factor, but that it is also a primary disease causing hypertension, which is largely in line with our results. Namely, hypertension prevalence in the population of dogs in Bosnia and Herzegovina is quite low, which was confirmed by our study, in which a total of 60 dogs were examined, with 21 cases of hypertension detected (35%). However, this study, like many other previous studies, suggests that the RAAS has great importance in the occurrence and detection of high BP whether it is primary or secondary hypertension.
